Context. It is unclear whether high-mass cores in monolithic collapse exist or not, and what the accretion process and origin of the material feeding the precursors of high-mass stars are. As outflows are natural consequences of the accretion process, they represent one of the few (indirect) tracers of accretion. Aims. We aim to search for individual outflows from high-mass cores in Cygnus X and to study the characteristics of the detected ejections. Methods. We used CO (2-1) PdBI observations towards six massive dense clumps, containing 9 high-mass cores. We estimated their bolometric luminosities and masses, and measured the energetics of outflows. We compared our sample to low-mass objects studied in the literature and developed simple evolutionary models to reproduce the observables. Results. We find that 8 out of 9 high-mass cores are driving clear individual outflows, representing true equivalents of Class 0 protostars in the high-mass regime. The remaining core has only a tentative outflow detection. It could be amongst the first examples of a true individual high-mass prestellar core. We also find that the momentum flux of high-mass objects has a linear relation to the reservoir of mass in the envelope, as a scale-up of the relations found for low-mass protostars. This suggests a fundamental proportionality between accretion rates and envelope masses. Conclusions. We conclude that high-mass Class 0 protostars exist, and their collapsing envelopes have similar sizes and a similar fragmentation scale to the low-mass equivalents, with enough mass to directly form high-mass stars from a monolithic collapse. If the pre-collapse evolution is quasi-static, the fragmentation scale is expected to limit the size of the initial mass reservoirs for all masses leading to higher densities at birth and therefore shorter free-fall times for higher mass stars. However, we find the collapse timescales to be similar for both low-and high-mass objects. This implies that in a quasi-static view, we would require significant turbulent/magnetic support to slow down the collapse of the more massive envelopes. But with this support still to be discovered, and with the indications of large dynamics in pre-collapse gas for high-mass star formation, we propose that such an identical collapse timescale implies that the initial densities, which should set the duration of the collapse, should be similar for all masses. This suggests that the mass that ultimately incorporates massive stars has to have been accreted from larger scales than those of low-mass stars, and in a dynamical way.
Introduction
Molecular outflows are important to better understand star formation. Collapsing protostars are so embedded in their cores and envelopes that few characteristics can be measured directly. Only the total luminosity, the envelope mass, and the power of the outflows do in practice characterise the young protostars. Molecular outflows are believed to be mostly made up of gas entrained by a fast jet and wind that cannot be observed directly (e.g., Stahler 1994) . These jets and winds would be formed as the result of a complex magnetohydrodynamic (MHD) process coupling rotation, magnetic field, and gravity, to extract angular momentum from the accreting material (e.g., Blandford & Payne 1982; Pelletier & Pudritz 1992; Ferreira & Pelletier 1995; Hennebelle & Fromang 2008; Vaidya et al. 2011) . Outflows and ejections are natural consequences and tracers of accretion. It is by observing high-velocity wings in the CO lines that protostellar ejections are best investigated. These CO outflows are used to trace the existence of accretion, and measuring their momentum fluxes (F co )
Send offprint requests to: Ana Duarte Cabral, e-mail: Ana.Cabral@obs.u-bordeaux1.fr provides (indirect) measurements of the accretion rates (Ṁ acc ), assuming that F CO ∝Ṁ acc .
It is widely accepted that low-mass stars form by the collapse of cores stemming from the fragmentation of molecular clouds (e.g., Padoan et al. 1997; Motte et al. 1998; André et al. 2000; Klessen et al. 2005; Hennebelle & Chabrier 2008 ). The precise origin of the fragmentation is not fully understood, but the most recent observations indicate that molecular clouds are dominated by turbulent motions that create a population of gravitationally unstable cores that may then collapse. These cores have typically the local Jeans mass. Magnetic fields may regulate this process by providing additional support and by guiding turbulent flows to primarily form sheets and filaments that can themselves be gravitationally unstable (e.g., Nakajima & Hanawa 1996; Nakamura et al. 1999) . This scenario explains the formation of low-mass stars well.
The origin of high-mass stars, defined as ionising OB stars with more than ∼ 8 M , is much more enigmatic since their final masses significantly exceed the Jeans masses in dense regions of molecular clouds. There are two lines of theoretical ideas to overcome this enigma. Either the local Jeans mass is increased on rare occasions owing to higher internal support, for instance from turbulence (e.g., Hennebelle & Chabrier 2008) or a mix of turbulence and magnetic fields (e.g., McKee & Tan 2003) , or the cores at the centre of a protocluster clump continue to gather mass from their surroundings while collapsing (e.g., Bonnell & Bate 2006) . Studies of outflows can help distinguish between these scenarios. In fact, well collimated outflows can provide hints of the number of individual protostars present inside a high-mass star-forming clump, by pin-pointing the individual collapsing cores, i.e. the Class 0 protostars. Outflows as tracers of accretion can also indicate whether a particular highmass core is protostellar or prestellar, the latter not being expected to exist in a competitive accretion scenario (e.g., Bonnell et al. 2001) . Finally, from a statistical approach, outflows trace accretion rates (e.g., Bontemps et al. 1996) and together with other observables such as the mass in the core and total luminosity, they help to constrain the evolutionary models of the formation of high-mass stars. For high-mass protostars, outflows are in fact the only accretion tracer since their luminosities are rapidly dominated by their stellar luminosities and not by their accretion luminosities (e.g., Palla & Stahler 1993) .
Outflows in high-mass star-forming regions have often been observed at low spatial resolution (i.e. physically large scales due to the large distances) resulting in mapping low-collimated lobes associated with cluster-forming clumps (e.g., Beuther et al. 2002b; Su et al. 2004; Zhang et al. 2005) . Detections and studies of individual massive protostellar outflows are rare (e.g., Beuther et al. 2002a; Qiu et al. 2009 Qiu et al. , 2011 Wang et al. 2011) . From these it appears that when the scale of individual cores can be reached, the CO outflows are collimated and have similar properties to the better studied outflows from low-mass protostars. They are also systematically more powerful, as expected from the need for high accretion rates for high-mass protostars (> 10 −5 M yr −1 ), which are essential to surpass the radiation pressure and continue accreting beyond 10 M (Wolfire & Cassinelli 1987) .
We present here the results of a high angular resolution study of the CO outflows towards six IR-quiet massive dense clumps (hereafter MDCs, see Motte et al. 2007) 1 in Cygnus X at a distance of 1.4 kpc (Rygl et al. 2012 ) containing nine high-mass cores ). An overview of the Cygnus-X region and a more detailed description of the sample of MDCs we study here can be found in Sect. 2, and in Sect. 3 we detail the observations. Section 4 presents the results on the spectral energy distribution (SED) fittings and outflow properties for our sample of nine high-mass cores, which are then analysed in Sect. 5, with a comparison with the low-mass protostellar properties. Section 6 presents a set of three evolutionary models that we attempt to constrain with observables. We discuss the implications of our results in Sect. 7, and our conclusions are outlined in Sect. 8.
Massive dense clumps in Cygnus X
Cygnus X is the richest high-mass star-forming molecular cloud complex located at less than 3 kpc from the Sun. It contains 4 × 10 6 M of molecular gas (Schneider et al. 2006 ) extending over ∼ 100 pc in diameter, and it hosts a number of HII regions, the 1 Owing to their small sizes (of the order of 0.1 pc), these clumps have so far been considered as cores (massive dense cores; e.g. see Motte et al. 2007 ). However, following the nomenclature by Williams et al. (2000) , we adopt the designation of clumps for these 0.1 pc regions, because these are sub-fragmented into several individual cores , and will therefore form a small cluster of stars.
product of recent high-mass star formation (e.g., Wendker et al. 1991) . It is associated with several young OB associations (e.g., Uyanıker et al. 2001) , including one of the largest in our Galaxy, Cyg-X OB2 (e.g., Knödlseder 2000) .
A survey of the 1.2 mm emission in Cygnus X was made by Motte et al. (2007) , where several MDCs, with more than 40 M in 0.1 pc, were found in the region. Among these, Motte et al. (2007) identified 17 IR-quiet MDCs, which correspond to sources with a flux of less than 10 Jy at 21µm (i.e. with a bolometric luminosity of less than 10 3 L ). With high masses and low luminosities, these IR-quiet MDCs are the best candidates for embedding the young massive protostars. As such, a flux-limited selection of six IR-quiet MDCs (Cyg-X N3, N12, N40, N48, N53, and N63) were followed up by Bontemps et al. (2010) with the IRAM 2 Plateau de Bure Interferometer (hereafter PdBI) in the 1.3 and 3.5 mm continuum emission. This sample of MDCs is that studied here, and can be considered to be representative of high-mass star formation in a single complex.
Despite the similar properties of these six MDCs on a spatial scale of ∼0.1 pc (Motte et al. 2007) , they span a range of different environments. While CygX-N40, N48 and N53 are located along the massive DR21 filament/ridge, a highly dynamical star formation site Hennemann et al. 2012) , CygX-N63 is a relatively isolated clump to the south of DR21. On the other hand, CygX-N3 and N12 are situated to the west of DR21, in the DR17 region, and they both show morphologies consistent with being influenced by the winds from the nearby OB clusters (Schneider et al. 2006) . CygX-N3 in particular sits at the tip of a DR17 pillar.
The interferometric continuum observations of these six MDCs by Bontemps et al. (2010) have shown that they are fragmented into a number of cores (see the last three columns of Table 1 for details). Among the cores detected with the PdBI, nine have masses between 10 and 50 M within ∼4000 AU. These are CygX-N3 MM1 and MM2, CygX-N12 MM1 and MM2, CygX-N48 MM1 and MM2, CygX-N53 MM1 and MM2, and CygX-N63 MM1, and they represent excellent candidates to be individual high-mass Class 0 protostars. Four out of nine are detected at 24 µm but with weak fluxes below 0.5 Jy. Only in CygX-N40 are there no high-mass fragments (only one core of < 2 M is detected), and most of the single-dish continuum emission is extended and filtered out in PdBI.
Observations
The six MDCs have been observed in 2004 with the PdBI in the 1.3 mm and 3.5 mm continuum emission and in four spectral units covering the 12 CO (2 − 1), SiO (2 − 1), H 13 CO + (1 − 0), and H 13 CN (1 − 0) lines at 230.54, 86.85, 86.75, and 86 .34 GHz, respectively. The observations in the continuum and in the H 13 CO + (1−0) and H 13 CN (1−0) lines are reported in Bontemps et al. (2010) and Csengeri et al. (2011a) , respectively. We present here the 12 CO (2 − 1) observations dedicated to CO outflows driven by young protostars.
The observations were performed in track-sharing mode with two targets per track for the following pairs: CygX-N48/CygX-N53, CygX-N3/CygX-N40, and CygX-N12/CygX- From Bontemps et al. (2010). 6Cp with baselines ranging from 48 to 229 m. As a phase calibrator, we mostly used the bright nearby quasar 2013+370 and as a flux calibrator the evolved star MWC349 located in Cygnus X.
To recover all spatial scales, the zero-spacing was obtained with the IRAM 30m telescope as part of an observing run dedicated to the DR21 filament (see Schneider et al. 2010 for more details). OTF maps of 12 CO (2 − 1) of CygX-N3, N12 and N63 were observed on 5 June 2007 using the A230 receiver with the VESPA correlator. The average system temperature was ∼275 K. Sources CygX-N48, N53, and N40 were observed between 2 and 5 June 2007 as part of the large-scale OTF mapping of the DR21 filament, and these maps have average system temperatures around 600 K. The data were corrected for the main beam efficiency of 0.52. The half power beamwidth (HPBW) at this frequency is ∼11".
After combining the zero-spacing information from the IRAM 30m with the PdBI data, the maps were cleaned using the natural weighting to favour the highest sensitivity. The resulting synthesised beam and rms in the continuum are summarized in Table 1 , together with the field names and centres of phase. The cleaning components were searched across the whole area of the primary beams. No support for cleaning was used to avoid introducing any bias into the resulting maps of emission.
Results

Bolometric luminosities and envelope masses
To estimate the properties of our sample of nine high-mass cores, we have estimated their masses and bolometric luminosities by constructing SEDs using the 24µm from Spitzer MIPS, the 70, 160, 250, 350, and 500µm from Herschel PACS and SPIRE observed as part of the HOBYS programme 3 Hennemann et al. 2012; in prep) , the 1.2mm from MAMBO (Motte et al. 2007) , and the 1.3mm and 3.5mm emission from PdBI ). Since our sample of sources consists of IR-quiet cores, the flux below 8µm is always negligible, and integrating the SEDs down to 24µm is enough to get a good estimate of the bolometric luminosity. Full details on the flux determinations and SED fittings can be found in Appendix A. The source CygX-N40 MM1 is not included in the nine high-mass cores under study, not only because it is a low-mass core, but also because we were unable to recover a good SED fitting for estimating its bolometric luminosity.
The mean separation between the high-mass cores detected by Bontemps et al. (2010) is of the order of 3000-5000 AU. We use the average separation of 4000 AU to define the size (full 3 The Herschel imaging survey of OB Young Stellar objects (HOBYS) is a Herschel key programme. See http://hobys-herschel.cea.fr For the massive protostars studied here, in light blue circles, the values are as estimated from the SED fittings (see Sect. 4.1 and Appendix A for more details). The remaining filled and empty symbols are the lowmass Class I and Class 0 objects, respectively (from Bontemps et al. 1996 width at half maximum, FWHM) of the cores for which we estimate the mass and bolometric luminosities, so as to be able to derive the properties of regions where the envelopes of different sources do not overlap. Interestingly, these sizes are similar to the core sizes found in low-mass star-forming regions (e.g. ρ-Ophiuchi, Motte et al. 1998; André et al. 2000) . Because the PdBI 1.3mm emission filters out the emission that arises from outside the central ∼1000 -2000 AU, the 1.3mm fluxes used to construct the SEDs are rescaled to envelope sizes of 4000 AU FWHM, by assuming a density profile, outside the central ∼1000 AU, as ρ ∝ r −2 (see Bontemps et al. 2010 , and Appendix A for more details). The only exception is CygX-N63 MM1, an extremely compact core, where all the singledish 1.2mm emission (MAMBO, Motte et al. 2007 ) is in fact recovered by rescaling the flux to simply ∼ 2500 AU. A summary of the inferred masses and bolometric luminosities from Appendix A are shown in Table 2 . For reference, the last row From André et al. (1993 ; (b) From Bontemps et al. (1996) of Table 2 shows an example of a low-mass Class 0 protostar, VLA1623 (e.g., André et al. 1993 André et al. , 1999 Bontemps et al. 1996) . Figure 1 shows the correlations of the core mass with respect to the bolometric luminosity for the sample of nine highmass protostars studied here. The low-mass samples of Class 0 and Class I objects from Bontemps et al. (1996) , Motte & André (2001) and André et al. (2000) are also shown. The values of mass and luminosity of some of the sources from Bontemps et al. (1996) have been updated according to the estimate from André et al. (2000) , and we have not included sources whose estimate of the outflow momentum flux consisted of an upper limit. This figure also shows evolutionary tracks for several envelope masses (adapted from Bontemps et al. 1996; André et al. 2000 , and the curve of M env ∝ L 0.6 bol , marking a conceptual border between Class 0 and Class I sources.
The nine Cygnus X individual high-mass cores of our sample had been interpreted by Bontemps et al. (2010) to correspond to true single high-mass protostellar objects. The absence or very little emission in the near-IR would place these objects as prestellar cores, where no stellar embryo has formed yet, or Class 0 protostars, where the envelope masses are still higher than the correspondent stellar masses. And in fact, they are not found to be very luminous (for high-mass star precursors) with bolometric luminosities ranging from ∼ 100 to 500 L . More evolved high-mass protostars have typical luminosities in the range 10 4 to 10 5 L (e.g. Kurtz et al. 2000) . They are, however, much more luminous than low-mass Class 0 protostars (∼ 0.3 to 30 L , see e.g., André et al. 2000) , and their location in the M env − L bol diagram, together with the evolutionary tracks, actually places them as early phase protostars (Class 0), which will form stars with masses ranging from ∼ 10 to possibly more than 25 M .
Outflow maps
To identify the individual outflows and their respective driving source, we integrated the 12 CO high-velocity wing emission. The detected 12 CO outflow wings are bright and extend up to high velocities (e.g. CygX-N53 MM1 and N63 MM1 reach velocities of 45 km s −1 offset from ambient cloud velocities, see Table B .1) making their interpretation as powerful outflow emission unambiguous, as expected for young high-mass protostars (see Sect. 5.2 ). An example of a line profile is shown in Fig. 3 (see more examples of line profiles in Appendix B). To choose the convenient velocity ranges (i.e. outside the systemic velocities of the cloud where the 12 CO emission is optically thick), we have taken the average spectra over each field and fitted a number of Gaussians designed to fit: a broad outflow component, the bulk of the cloud, and the self absorption feature. This procedure meant to get the best estimate of the systemic velocity and velocity dispersion of the bulk of the cloud. In Table 2 we summarise the systemic velocity of the cloud as from N 2 H + (v o ), and the result from the Gaussian fitting of the CO ambient cloud component (v peak and σ v ). We then consider that the outflow emission is all 12 CO emission outside 2.5 σ v from the systemic velocities (see Sect. 4.5 and Appendix B for more details, and Table B .1 in particular, for a full layout of the velocity ranges used). The resulting outflow maps are shown as contours in Fig. 2 for all six fields, overplotted on the PdBI 1.3mm dust continuum from Bontemps et al. (2010) .
Strong CO outflows from the nine high-mass protostars
Our 12 CO observations show clear, strong outflow emission in all six fields. The driving sources of such outflows were identified with the help of the PdBI 1.3 mm continuum . Even though Bontemps et al. (2010) have found several low-mass cores in the continuum of each field, the emission that we detect here is dominated by the outflows powered by the most massive protostars of each MDC (Fig. 2) , with the exception being the CygX-N48 field where there is a strong outflow from a source outside our coverage.
From the nine high-mass protostars, eight are driving a clear strong individual outflow (for CygX-N53 MM2, we only have a tentative detection). These are generally collimated outflows, similar to those of low-mass Class 0 protostars. A detailed description of the outflows and their driving sources is described in the next section.
Detailed outflow identification
In CygX-N3, MM1 powers a collimated bipolar outflow, perpendicular to the filamentary shape of the continuum. The blue lobe reaches the edges of our image coverage (to the east), and the red is embedded in a more diffuse extended emission to the west. MM2 shows overlapping blue and red weak emission towards the south, which is indicative of an outflow close to the plane of the sky. No clear outflow emission is detected from the other weaker sources. Bontemps et al. (2010) are marked as green stars, and the possible low mass fragments identified are marked as green crosses. The sources discussed here are labelled. The arrows show the directions of the outflows identified in this paper, for which we estimated the energetics.
In CygX-N12 , the identification of the outflows is complicated by the apparent alignment of the outflows with the dust continuum filament. We consider that the detected outflow emission arises from the two most massive cores, MM1 and MM2, and that the two weaker sources that lie along the dust filament have a negligible outflow emission. The large spatial extent of the SiO emission observed with the PdBI towards this region (with a wider field of view, Duarte-Cabral et al. in prep.) is in fact indicative of an outflow close to the plane of the sky, with the red outflow lobe becoming blue-shifted further away from the driving source(s), and with significant SiO emission arising from systemic velocities. This is also consistent with the fact that the CO outflow wings do not attain very high velocities. Nevertheless, we tentatively separate the emission of the outflows from MM1 and MM2, by the realisation that MM1 is driving a more collimated outflow than MM2. We stress that if the outflows are indeed close to the plane of the sky, the momentum flux estimates will be highly underestimated. We do not, however, have enough indications to be able to constrain the inclination angle, so we refrain from doing so.
In CygX-N40, the continuum emission is not centrally condensed, but there is a low-mass protostellar candidate, MM1, for which we see a weak CO outflow emission. We can also see very weak CO wing emission to the NE (red) and NW (blue) of MM1, but it is not clear if these high-velocity lobes trace back to MM1 or if they are part of a different outflow (from an undetected lowmass protostar). We have estimated the properties of the outflow from MM1 using the CO emission closer to the source.
CygX-N48 is the most clustered region of the sample. Firstly, it is worth noting that the blue elongated lobe in the north of the map, extending to the east, does not arise from any of the millimetre sources in our field. In fact, with the help of the SiO emission observed with the PdBI towards this region (with a wider field of view, Duarte-Cabral et al. in prep.), we suspect that this high-velocity outflow arises from a source outside our field (at RA: 20:39:02.927 and Dec.: 42:22:07.32) detected and resolved in IRAC bands at 3µm and 4µm, and unresolved at 8µm and onwards (a source to the north of ERO-2 from Marston et al. 2004; Davis et al. 2007 ). This source is defined as a more evolved object by Hennemann et al. (in prep) . Within our field there are three sources that are from intermediate-to high-mass protostars. For MM1, despite not being a strong outflow emission, we clearly see an outflow oriented SE-NW. Close to MM1, however, there is some emission that is either still associated with MM1's outflow (as an open outflow) or is powered by the less massive MM3 (in the opposite direction of the MM2 outflow). For simplicity, we assume that all the outflow emission we detect around MM1 is from itself (given its higher mass), even though this is likely to include some contamination from the lower mass MM3. If this is the case, the configuration of the outflow lobes would suggest that this outflow is along a direction that is close to the line of sight.
CygX-N53 embeds two massive cores, MM1 and MM2. MM1 is powering a strong and nicelyV-shaped outflow, but we cannot detect a clear CO outflow emanating from MM2. At lower levels, we can detect some CO high-velocity weak emission near this source, and we use this as our estimate of the outflow momentum flux for MM2. This is merely an upper limit since the CO emission in this field is dominated by the MM1 outflow, and MM2 is therefore likely contaminated by this.
Finally, CygX-N63 is the only single object that we have in this sample, and is the most massive one. It powers a clear clean outflow that extends to its left-hand side, perhaps simply due to the existence of more material towards the east which gets shocked and entrained by the outflowing gas. We neglect the possible outflow emission from the weaker millimetre continuum source detected by Bontemps et al. (2010) to the east of MM1, since it is not a well-defined millimetre peak, and it may in fact be part of the elongated envelope of MM1.
Outflow momentum flux
To estimate the energetics of the outflows from this sample of sources, we have used an approach similar to what Bontemps et al. (1996) used for low-mass protostellar objects. This method consists of estimating the momentum flux of the outflows on a ring centred on the driving source. It assumes that the momentum flux is conserved along the outflow direction, and it is a particularly useful method for small maps where the total extent of the outflow may not be covered. A detailed description of this method can be found in Appendix B. In particular, an example of the rings and areas used for CygX-N53 MM1 is shown in Figs. 3, and those used for our entire sample of objects are shown in Fig B. 1 to B.6. The velocity ranges used to integrate the blue and red emission, as well as the momentum flux estimates, are detailed in Table B. 1.
In Table 2 we summarise the systemic velocities of each region from N 2 H + , v o , and the parameters of the ambient cloud component as from the Gaussian fittings of the CO emission (v peak and σ v ). The velocities used to integrate the momentum fluxes are those more than 2.5σ v away from v peak . This choice of velocity ranges was supported by a visual inspection of the individual datacubes, so as to neither include the extended (optically thick) emission nor miss out the compact outflow emission close to the systemic velocities. From the average spectra of the regions (e.g. Fig. 3 ), this choice also corresponds to where the broad outflow component starts dominating the ambient cloud emission. The last column of Table 2 shows the total F co for the nine high-mass protostars corrected by an average inclination angle (factor 2.9), estimated as twice the value for the wing with the highest momentum flux, as a consequence of assuming that the outflows are symmetrically bipolar. If using different velocity ranges, the F co values would change (e.g. by 5-10% if using 2 σ v or 3 σ v , instead of 2.5 σ v ). However, this is negligible compared to the remaining uncertainties, in particular, those associated with the assumptions on optical depth, symmetry, and inclination angles, giving F co an uncertainty that can easily be as high as a factor 2 (or even 4). Nevertheless, we adopt a factor 2 as the uncertainty of our momentum flux estimates in the remainder of the article.
From a quick comparison of our sample of high-mass protostars with the low-mass Class 0 VLA1623 (last row of Table 2 ), we can see that the outflow momentum flux of our sample is typically an order of magnitude stronger.
Morphology of the outflows
For low-mass protostars (e.g., Arce & Sargent 2006) it has been found that young protostars (Class 0) have opening angles below ∼55
• , while it can reach more than ∼75
• at the Class I stage. To investigate whether the protostellar outflows we find in our sample of high-mass protostars have similar properties to those of young low-mass protostars, we measured the opening angles based on the CO high velocity wing emission alone. However, for CygX-N53 there are some indices of a wide-angled low-velocity CO emission that could still be associated with the outflows and that are not taken into account. We found that the high-velocity outflow opening angles range between 15 and 35
• . The only exception is CygX-N48 MM1 whose outflow has an apparent opening angle of ∼100
• . However, as discussed in Sect. 4.4, this outflow has a complex morphology, and it either is a combination of MM2 and MM3 outflow emission or, if it is indeed a single outflow, then it has overlapping blue and red emission. The small spatial extent of such emission and the relatively high velocities it reaches in both the blue and red wings (nearly 30 km s −1 offset from the systemic velocities), can in fact be consistent with an outflow direction close to the line of sight. In this case, the opening angle cannot be determined accurately, and the true value will likely lie much below ∼100
• . Our esti- Fig. 3 . Left: Average 12 CO (2-1) spectrum in CygX-N53. The Gaussian fits made to the data are shown with curves in different colours: ambient cloud in dark blue, broad outflow emission in light blue, self-absorption in olive-green, emission from another cloud in red, and final model spectra in purple. The vertical dashed lines constrain the systemic velocities of the cloud excluded for the momentum flux calculations. The shadowed area shows the velocity range affected by a cloud in front, also excluded for momentum flux estimates. Centre:
12 CO (2-1) spectra at the position of CygX-N53 MM1 in grey, with the spectra at the peak of the blue and red emission (SB1 and SR1 positions marked as blue and red crosses on the right panels). Right: Example of the areas used for measuring the CO outflow momentum flux for CygX-N53 MM1, with the blue and red CO emission in grey scale and contours. The intersection between the polygons and rings are the areas taken to measure the respective momentum flux for each wing.
mates of the opening angles are, therefore, consistent with those found for low-mass Class 0 protostars.
Outflows and the large-scale dynamics
The different large-scale structure and dynamics associated with our sample of clumps may play a role in the small scale conditions. Because outflows are thought to be centrifugally launched perpendicular to the forming protostellar discs with Keplerian rotation, the outflow direction provides information on the rotational motion on small scales (∼1 AU). A comparison of the outflow orientations with the filamentary structures shows that the most massive objects (CygX-N53 and N63) have an outflow perpendicular to the elongated continuum structures (or the alignment of the two sources in the case of N53). These two regions also present a rotation (Csengeri et al. 2011a ) whose axis is approximately parallel to that of the outflows. Therefore, the global rotation of the clump having the same rotation axis as the disc suggests that the angular momentum of the MDC is transferred down to small scales in CygX-N53 and N63.
For the highly filamentary CygX-N3 region, the outflows also appear perpendicular to the filamentary structure. However, the N3 filament lies along the tip of a pillar in DR17 and experiences a velocity shear from material being compressed and converging perpendicularly to the filament (Csengeri et al. 2011a) . If this large-scale infall motion were transferred directly onto a rotational motion of the envelopes, the expected outflow directions would be parallel to the filament, rather than perpendicular. That this is not the case implies that the apparent bulk motion of the infalling gas in N3 is not being directly transferred into the individual rotation of the protostellar envelopes.
Finally, even though CygX-N12 has outflows aligned with its filamentary structure, the larger scale motions (Csengeri et al. 2011a ) are too complex to find any correlation with the outflows. The more cluster-like CygX-N48 does not show any clear largescale gradient and does not have a clear filamentary structure, making it hard to correlate the outflow directions with the dust emission or large-scale dynamics. Despite the complex velocity fields, Csengeri et al. (2011a,b) have discussed the possible existence of small-scale converging flows in these two fields.
Our analysis shows that, even though low-velocity converging flows could be an important provider of mass to the forming protostars and crucial to the formation of the surrounding structures, by the time the gas is accreted from the small-scale envelopes and discs onto the protostars, the momentum of the gas no longer shows any clear remnants of the initial velocity of the converging flows themselves.
Analysis
Nature of the nine high-mass cores
The systematic detection of high-velocity outflows towards all the massive cores of our sample, is evidence of ongoing accretion of mass. That these are mostly single and unconfused outflows also indicates that these cores are not fragmented further into several protostars 4 . This together with the position of these high-mass cores in the M env − L bol diagram (Fig. 1) , confirms the nature of our sample as individual high-mass Class 0-like protostars.
One exception may be CygX-N53 MM2. This source is among the three most massive of our sample, and yet we cannot detect any outflow emission being clearly powered by it. As mentioned before, the values we provide are a tentative detection of a possible outflow, and they only represent an upper limit. The similar mass to its companion, CygX-N53 MM1, the noncounterpart of CygX-N53 MM2 in 24µm emission (and tentative detection at 70µm) and their differences in the outflow power seem to indicate that CygX-N53 MM2 is at a younger stage than CygX-N53 MM1. Perhaps this source still needs to achieve the high accretion rates needed to power a stronger outflow, meaning that it could well be either a true high-mass prestellar core or a source at the transition stage between prestellar and protostellar. Bontemps et al. (1996) . The light blue circles are the massive protostars from our sample. In the left panel, the black dashed line is the observational linear relation found by Bontemps et al. (1996) , showing that it also holds for the massive individual protostars. On the right, we show the evolutionary tracks corresponding to those of Fig. 1 .
Scaling up of outflow power
Our sample of nine true individual high-mass protostars allows us to study the scaling of outflow power with the final stellar mass with an unprecedented accuracy. The comparison with low-mass protostellar populations is particularly relevant here since we were able to recognise and measure properties of the high-mass protostars at the same physical scale than their lowmass counterparts.
In Table 2 we have compiled the basic properties of these nine high-mass star precursors, including envelope mass (M env ), bolometric luminosity (L bol ), and the total CO outflow momentum flux (F co ). Figure 4 shows the correlation of F co with M env (left) and L bol (right) for the low-mass sample of Bontemps et al. (1996) and our high-mass protostellar sample. It is clear that the outflows of high-mass protostars are, as expected, much more powerful than their low-mass counterparts. The left-hand panel of Fig. 4 shows that the high-mass Class 0 objects extend the correlation of F co with M env up to the 20 − 50 M regime. The linear relation for low mass stars found by Bontemps et al. (1996) is also shown. This correlation now extending over 2.5 orders of magnitude and including both Class 0 and Class I protostars (for the low-mass part) suggests there is a fundamental relationship between mass reservoir (M env ) and outflow/accretion activity (F co ).
From the right-hand panel of Fig. 4 we can see that the highmass objects have luminosities that are 10 to 100 times higher than low-mass Class 0s and that they cluster at the location expected for young precursors of stars of ∼ 5 to 20 M . The spread in F co for a certain L bol (or M env ) is similar to that found in the low-mass regime, about a factor of 20.
Accretion timescales for high-mass stars
The linear relation F co = 7.5 × 10 −5 M env (Fig. 4, left) , found between low-mass Class 0s and Class Is, had been interpreted as due to evolution alone (Ṁ acc decreasing with decreasing M env , with M env being an age indicator) in Bontemps et al. (1996) . That this relation also holds between low-and high-mass protostars points to a fundamental relationship between M env and F co , i.e. between mass reservoir and outflow activity. Young proto- (a) We stress that this 4t ff is not the measured collapse timescale, but the one estimated under the assumption that all cores started their collapse from identical initial volumes (in this case 4000 AU FHWM). In reality, VLA1623 is currently twice more compact than the size we used for this estimate, which could be a consequence of the collapse of VLA1623, with its envelope getting more compact with time.
stars have most of the mass in the collapsing envelope, therefore M env measures the amount of mass in the local gravitational well. The infall of material and respective accretion rate could scale with M env as a consequence of a larger gravitation field. Since outflow power should trace accretion rates, this direct effect of self-gravitation could explain this fundamental relation.
In fact, accretion rates are basically expressed asṀ acc = acc M core /t acc , where acc is the efficiency of the collapse to gather mass from the core into the final star, M core is the mass of the original collapsing core 5 (expected to be well traced by M env for earliest stages Class 0 protostars), and t acc the timescale for main accretion, i.e. roughly the collapse time. If gravity dominates the collapse, t acc should be directly linked to the free-fall time t ff of the original core. Before the accretion phase, in models of mono-lithic collapse, cores have a central flat density profile (up to a few thousand AU), and a ρ ∝ r −2 at larger radii (e.g., WardThompson et al. 1994; Motte & André 2001 ). In the low-mass regime, the timescales for the collapse of cores have been found to be typically about four to five times larger than the free falltime estimated from the original flat density region (Henriksen et al. 1997; Foster & Chevalier 1993) .
Since the fragmentation scales tend to be similar from the low-to the high-mass regime (of ∼4000 AU here, and of 6000 AU in ρ-Ophiuchi from Motte et al. 1998 ), one could expect that, in a scenario of quasi-static monolithic collapse, the size of the initial prestellar cores is also similar for all mass ranges -and set by the fragmentation scale itself. In this case, the density would be proportional to M core (traced here by M env ). Since t ff ∝ n H 2 −1/2 , this hypothesis would predict the t ff (and t acc ) scaling as M −1/2 env , resulting in shorter t acc for higher mass cores 6 . This leads toṀ acc ∝ M 3/2 env , i.e. F co ∝ M 3/2 env . It is then reasonable to expect this relation betweenṀ acc and M env , set at the beginning of the collapse, to hold along the main accretion phase of the protostars, especially for the youngest protostars (the Class 0s). However, we observe a pure linear correlation between F co (i.e.Ṁ acc ) and M env . Such pure proportionality actually implies that, surprisingly, t acc does not depend on M env .
To further emphasise the discrepancy between the observed accretion rates and those expected from a scenario of monolithic core collapse where all cores have similar initial sizes, we estimated the expected collapse timescale as 4t ff for our sample of high-mass cores as well as for the example low-mass protostar, VLA1623, by assuming that the initial cores enclosed the current envelope mass in a diameter of 4000 AU (set by the fragmentation scale), 7 but with an initial flat density profile. These collapse times and their corresponding accretion rates <Ṁ acc > 4t ff are given in Table 3 , for the nine high-mass protostars and the low-mass Class 0. For comparison, we also show the observed accretion rates,Ṁ obs acc , from the F co measurements (usingṀ obs acc = F co /20 km s −1 , see Sect. 6 below), as well as the accretion rates in case of an accretion time identical for all masses and equal to 3 × 10 5 yr, <Ṁ acc > 0.3Myr (e.g., Myers & Fuller 1993) . While the accretion timescales assuming 4t ff for low-mass protostars is within one order of magnitude of the measured timescales obtained from global statistics of young stellar objects in nearby star-forming regions (e.g., Greene et al. 1994; Kenyon & Hartmann 1995; Evans et al. 2009; Maury et al. 2011) , the high-mass Class 0s should have timescales that are one order of magnitude smaller, leading to accretion rates that are 100 times higher than their low-mass counterparts. The observed values calculated directly from F co , are only of the order of 10 times greater than for low-mass protostars and are compatible with the values obtained assuming the same accretion time for protostars of all masses.
We conclude that the observed power of outflows in the Cygnus X high-mass protostars suggests a constant accretion time for all stars, pointing to a protostellar time of ∼ 3 × 10 5 yr, identical for both low-and high-mass stars. The reason t acc does 6 From a completely independent approach, McKee & Tan (2003) obtained t acc ∝ M 1/4 * Σ −3/4 , which also implies shorter t acc for high mass cores, since the surface densities Σ of the regions are much higher for high-mass star-forming regions, which lead to higher densities in the high-mass collapsing cores.
7 Even though we use a fixed value for the size of cores for this exercise, there is probably a dispersion on the initial sizes that could vary from 2000 -6000 AU. This alone could be partly responsible for the observational scatter of accretion rates (∼ factor 2 -3). not decrease with increasing mass is unclear, but we explore different possibilities in Sect. 7.
Evolutionary models
The few observed quantities (M env , L bol , and F co ) that characterise protostars are indirect proxies for the true basic parameters of the protostars (ages, accretion rates, stellar masses). In the previous section, we derived an estimate of the timescale for the accretion phase for high-mass protostars by comparing them with low-mass protostars. To go one step further, we can model all observed quantities to build a coherent picture that includes all observed parameters for low-and high-mass protostars.
Mass reservoir and collapse/accretion efficiency
The material stored in the collapsing envelope is usually assumed to correspond to the reservoir of mass available to build up the star. A fraction of this material will be lost, however, during the accretion phase due to outflows and radiative/ionisation pressures. The envelope mass M env is therefore expected to decrease as the star grows and as the outflow blows away part of the envelope. As such, the evolution of M env can be expressed as
where acc is the accretion efficiency on the scale of the envelope, and M core the mass of the core at the beginning of its collapse. If some competitive accretion plays a role, M env could increase with time with the infall of material from larger scales increasing the efficiency acc , which could become greater than 1.
Accretion and stellar luminosities
The bolometric luminosity L bol is the total luminosity of the protostar, which is the sum of the accretion luminosity, L acc (t), radiated at the surface of the stellar embryo at a radius R (t) and of the stellar luminosity, L (t), as
with
The stellar luminosity and radius L (t) and R (t) are calculated from the Hosokawa tracks provided for high accretion rates, which are adequate for high-mass protostars (Hosokawa & Omukai 2009 ).
Relation between accretion and ejection
The outflow momentum flux, F co , can be expressed as a function of the accretion rateṀ acc as
where f ent is the entrainment efficiency,Ṁ w is the mass ejection rate and v w the wind speed at the ejection. Outflows are believed to extract the angular momentum of the inner regions of the accretion discs to allow/accelerate accretion at an effective radius R eff . Thanks to conservation of momentum between the inner disc and the jet, the value of the expressionṀ ẇ M acc v w , which is a
Fig. 5. Left column:
Envelope mass with respect to the bolometric luminosity. Right column: F co with respect to bolometric luminosity. The top row shows the model with constant accretion rate over time, the middle row shows the model with decreasing accretion rate, and the bottom panels present the model with decreasing accretion rates and intermittent accretion. For all panels, the dotted curves show the evolutionary tracks for 0.08, 0.2, 0.6, 2, 8, 20, and 50 M , and the arrows show the positions in each track where 50% and 90% of the envelope mass has been accreted onto the protostar. The coloured area represents a normalised surface density of the number of sources predicted to be at a given position, by taking the IMF distribution and the timescales of the evolutionary tracks into account. The massive protostars studied here are in light blue circles. The sources from Bontemps et al. (1996) and André et al. (2000) are plotted as green-and red-filled circles (for Class 0 and Class I, respectively).
velocity, tends to be constant if the ejection occurs in the same region of the disc. In the case of the X-celerator (e.g., Shu et al. 1994 ) its value varies between 50 and 70 km s −1 . In the disc wind models, it is more of the order of 20 km s −1 at a radius of ∼ 1 AU for a 1 M stellar mass (e.g., Pelletier & Pudritz 1992; Wardle & Koenigl 1993; Ferreira & Pelletier 1995) . We adopt a value of 40 km s −1 for this velocity 8 . For a fraction of ejected mass of 15 % (Ṁ w /Ṁ acc = 0.15, e.g. Cabrit 2007) , this corresponds to a real- 8 Since the outflow is expected to efficiently slow the disc material down, this effective velocity of 40 km s −1 should represent a significant fraction of the Keplerian velocity of the inner disc, at the effective radius istic velocity of the jet of 300 km s −1 . If adopting, in addition, an entrainment efficiency of 50 % ( f ent = 0.5), then F co /Ṁ acc ≈ 20 km s −1 .
Monte Carlo modelling of a typical protostellar population
The accretion rate is expected to be constant over time only in the case of the singular isothermal sphere (Shu 1977) . In more genof the ejection. For a 4 M stellar embryo, the Keplerian velocity is equal to 40 km s −1 at R eff = 0.28 AU.
eral cases, the accretion rates may decrease over time (Larson 1969; Penston 1969; Whitworth & Summers 1985; Henriksen et al. 1997) . We adopt two extreme cases: the constant accretion rate and a decreasing rate using the toy model described in Bontemps et al. (1996) , i.e., with M env (t) = M core e −t/τ , and thereforeṀ acc (t) = acc (M core /τ)e −t/τ , where τ is a characteristic time. To characterise τ, we assume that the duration of the accretion phase is ∼ 3 × 10 5 yr and that 90% of the final mass of the star has been accreted at this stage.
To compare with observations we calculated the distribution of properties expected for a population of protostars formed from a constant star formation rate and with a final stellar mass distribution reproducing a normal initial mass function (IMF, Kroupa et al. 1993) . For this we used a Monte Carlo code to sample time and final stellar mass. For each modelled protostar of a certain final mass and at a certain time, we calculated the current M andṀ acc from the assumed accretion history. Using the work of Hosokawa & Omukai (2009) , we could then predict the current stellar radius R and stellar luminosity L to calculate L bol , M env , and F co from the above formulas. For the case of decreasing accretion rates, we interpolated the curves of Hosokawa & Omukai (2009) since they are only for constant accretion rates. These models are shown in Fig. 5 .
Accretion efficiency of 50 %
To be able to reproduce the location of the protostars in the M env − L bol diagrams, we adjusted acc to 0.5. The constant accretion rate scenario (top panels of Fig. 5 ) does not predict a decrease in luminosity for the Class I stage, while the decreasing accretion rate scenario does (middle-row panels of Fig. 5) . Therefore, when taking the spread in M env for the Class I's M env − L bol diagram into account, the constant accretion rate scenario provides a better fit. However, it is the opposite in the F co − L bol diagram where the constant accretion rate scenario does not reproduce the location of protostars well, with the Class I's observed outflow momentum flux lower than that expected by the model. Furthermore, in a constant accretion rate scenario, the two diagrams (M env − L bol and F co − L bol ) are not compatible. In the M env − L bol diagram the low-mass Class 0s actually evolve into low-mass Class Is, while this is not the case in the F co − L bol diagram. In the latter, there would be no young low-mass protostars, and no evolved intermediate-mass protostars in the nearby molecular clouds. In contrast, the decreasing accretion rate scenario naturally explains the evolution from Class 0s to Class Is in both diagrams, and the outflow diagram is reproduced acceptably well in this scenario.
Even though we fail to reproduce the range of spread of the protostars in the diagrams, we conclude that the best scenario is one with a decreasing accretion rate, and a collapse/accretion efficiency of the order of 50 %.
Intermittent accretion
The only property that is not reproduced well by the decreasing accretion rate scenario is the spread in the diagrams. On the other hand, accretion is not expected to be smooth over time. The accreting material may transit in an inner disc region where material could be stored for a while until an episodic large accretion event allows for a burst of accretion and subsequent ejection (e.g Dunham & Vorobyov 2012; Bouvier et al. 2007 ). Intermittence could also be due to external accretion of mass into the envelope (e.g., Smith et al. 2009) , with a delay between the induced changes in the envelope mass and the respective change in accretion rates. Intermittent accretion is highly probable and is clearly observed in the T Tauri star phase. Such a variability inṀ acc may explain a significant spread in F co as a direct tracer ofṀ acc and in L bol due to changes in L acc .
To illustrate the impact of having bursts of accretion in the distribution of sources in these diagrams, we implemented a simple intermittent accretion history in addition to the decreasing average accretion rate by adding random bursts of accretion over the whole evolution of the protostars. In the lower panels of Fig. 5 we display the evolutionary diagrams for bursts of accretion occurring 10 % of the time, with accretion rates ten times higher than at quiescent state for the high accretion state. The displayed tracks corresponds to a smooth (decreasing) accretion history, with an equivalent average rate which is roughly two times higher than the quiescent accretion rate (and five times lower than the accretion rate in the high accretion state).
With this model, which is purely meant to illustrate intermittency, we can reproduce the observed scatter better in both the M env − L bol and F co − L bol diagrams. In fact, this is most likely closer to a realistic situation, where accretion is not a simple function of the mass available, but it naturally suffers from bursts and fluctuations.
Discussion
The existence of individual high-mass Class 0 protostars
The systematic detection of powerful outflows, collimated and driven by each of the high-mass cores recognised by Bontemps et al. (2010) (except CygX-N53 MM2 which could be a true prestellar core), clearly shows that these objects are the highmass analogues of low-mass Class 0 protostars, both from their position in M env − L bol diagram and their outflow properties.
The existence of high-mass Class 0 protostars strongly suggests a similar formation process for low-and high-mass stars, meaning a monolithic collapse from a prestellar core with a finite reservoir of mass. Using the Herschel data, we could derive precise dust temperatures of the collapsing envelopes with values ranging from ∼ 16 to 20 K, i.e. very close to the value of 20 K used in Bontemps et al. (2010) . It confirms that the envelopes are massive (typically 20 times more massive than low-mass Class 0s) ranging from ∼ 10 to 50 M . These masses are significantly higher than the Jeans masses in the host clumps, which range from 0.5 to 1 M (from the clump properties listed in Table 3 in Bontemps et al. 2010 , scaled to the new distance of Cygnus X of 1.4 kpc). Since the turbulent support in the Cygnus X MDCs is known to presently be too weak to explain much higher effective Jeans masses than the above-quoted thermal Jeans masses (see Csengeri et al. 2011a) , the origin of such super-Jeans cores is unclear and appears as one the main questions to be addressed for understanding the origin of high-mass Class 0 protostars.
Origin of a common collapse timescale
The inferred sizes of the Cygnus X high-mass cores are very similar to the sizes of Class 0 protostars in clustered low-mass star-forming regions (e.g. ρ Ophiuchi by Motte et al. (1998) ). More precisely, it is the fragmentation scale, i.e. the typical separation between objects, which is important for limiting the sizes of cores. It has been estimated to be of the order of 4000 AU for the high-mass cores of Cygnus X (3000−5000 AU in Bontemps et al. 2010) , which is roughly identical to the fragmentation scale of 4000-6000 AU reported for ρ Ophiuchi by Henriksen et al. (1997) and Motte et al. (1998) .
In a quasi-static view, such a similar fragmentation scale would indicate that cores at birth, i.e. just at the beginning of the collapse, should have had similar sizes for all masses 9 . The existence of such pre-collapse cores spanning a wide range of masses, but within identical volumes, brings important implications on the collapse history of these cores. Providing gravity plays the dominant role, the collapse should be ruled, at least indirectly, by the free-fall timescales. In Henriksen et al. (1997) , it has been shown that the total protostellar time of low-mass objects (Class 0s and Class Is), presumably corresponding to the total collapse time, is four to five times the free-fall time of the inner 4000 AU regions of the collapsing cores at birth. From low to high masses, an identical size of cores at birth implies that the density in these cores scales up and that the free-fall time (and collapse time) should decrease, leading to much higher accretion rates for high-mass cores. Though less dramatically, the magnetised turbulent core model of McKee & Tan (2003) also predicts shorter collapse/formation times for high-mass stars as a result of the higher densities at birth (due to high external pressure).
But in reality, despite providing reasonable estimates for low-mass objects, the accretion rates for massive protostars do not increase as much as expected from a purely monolithic collapse on 4000 AU scales. The observed linear dependence of accretion rates with envelope mass actually implies that we have a common collapse timescale for all cores (see Sect. 5.3). The origin of such a common timescale is unclear, but it could either foresee that cores accrete from larger areas or that there is a stronger inner support for the individual massive cores. We explore the different possibilities in the following sections.
Collapse of magnetically supported or turbulent high-mass cores?
In a quasi-static view, the most obvious explanation for a similar collapse timescale for all masses, despite differences in initial densities, would be that there is additional pressure from turbulence or magnetic field, which would slow down the collapse for the highest mass protostars (e.g. in line with the TNT model of Myers & Fuller 1993, or the turbulent core model of McKee & Tan 2003) . However, turbulent support has been found to be too weak on the scale of clumps (∼ 0.02 − 0.1 pc) to increase the effective Jeans masses to the high-mass regime, and therefore to significantly affect the collapse (Csengeri et al. 2011a) . Only a strong additional source of turbulence on the scale of the high-mass cores (∼ 4000 AU, i.e. 0.02 pc) could slow down the collapses as required. This source of turbulence still needs to be discovered. Alternatively, the magnetic field could play the role of providing this additional support.
Dynamical collapse from large scales?
In a dynamical view, the effective collapse timescale could be set by the size and density of the regions from which the gas comes, and this can go beyond the original fragmentation seeds. The origin of a similar timescale of collapse for high-and low-mass stars could be the consequence of a large-scale collapse starting at roughly the same typical density. High-mass cores are at least 20 times more massive than low-mass star precursors. To get the same density, the volume has to be 20 times greater, which corresponds to a size 2.7 times larger. The gas of the 4000 AU highmass cores should therefore have started its global collapse from a region of ∼ 10000 AU, i.e. almost the size of the host MDCs (0.1 pc, i.e. 20000 AU). The fragmentation on the lower scales of 3000-5000 AU would then result from a dynamical fragmentation during the collapse of the entire clump. This dynamical view is in line with observations of globally collapsing highmass star-forming clouds (e.g., Schneider et al. 2010; Csengeri et al. 2011a,b; Peretto et al. 2013 ).
Competitive accretion VS turbulent core collapse
In models of quasi-static monolithic collapse, we expect the formation of high-mass prestellar cores, which will be the precursors of high-mass stars. These prestellar cores should be observed since their lifetime should be longer than the Class 0 protostellar lifetime. From our sample, only one core out of nine could be a candidate for a prestellar, CygX-N53 MM2, leading to a statistical lifetime that is eight times shorter than for Class 0s (which have lifetimes of 4 − 9 × 10 4 yr according to Maury et al. 2011 ). As such, high-mass prestellar cores would have a lifetime of 0.5 to 1 × 10 4 yr. With a typical velocity dispersion of 2 km/s inside the larger scale MDCs, this lifetime corresponds to only one crossing time for the typical size of 4000 AU. These prestellar cores can therefore not be formed through a quasistatic process, so they would need to be formed by dynamical processes. The statistical base for Cygnus X is still low, so that the true timescale of such a prestellar phase stays uncertain. But our estimate is in line with other recent estimates of high-mass prestellar phase by Motte et al. (2007) and Russeil et al. (2012) derived for larger scales, suggesting that the prestellar phase of high-mass stars has to be short. One could also wonder whether the selection is biased and whether we may have missed larger, colder cores that would represent the prestellar phase for highmass star formation. We believe that this is unlikely to be the case, since the selection is based on the Motte et al. (2007) survey of the entire Cygnus X complex, and no MDCs on the scale of 0.1 -0.2 pc (∼ 8 times larger than 4000 AU) were found to be in a pre-stellar phase. We can therefore conclude that despite witnessing monolithic collapses on the scale of 4000 AU in a population of high-mass Class 0 objects, they cannot have been formed through a quasi-static evolution of turbulent or magnetically supported MDCs.
Alternatively, if massive stars were to be formed in a competitive accretion scenario, the precursor of a massive star would in fact be a low-mass protostar, as a result of the original fragmentation of the cloud, accreting strongly from the environment, according to their position within the potential well. Indeed this would agree with the existence of higher accretion rates for the precursors of massive stars, but it does not explain the higher envelope mass in a similarly sized volume as those of low-mass protostars. Observing high masses in compact envelopes for the precursors of massive stars implies that such massive protostellar envelopes have an early origin. Our sample of young Class 0 protostars (and one candidate prestellar core) already contain enough mass to form high-mass stars, and the accretion rates already reflect the current amount of mass available, pointing to, at least at first order, a view of a monolithic collapse.
Altogether, our favoured scenario is therefore a combination of these two extreme views. A global collapse on the scale of the MDCs sets on, followed by some degree of turbulent fragmentation on scales of a few thousand AU, and the possible formation of short-lived high-mass prestellar cores (such as in the turbulent core model, but driven by a high level of dynamics, with dynamical times of ∼ 10 4 yr). The cores then collapse in a monolithic way. An overlap of the collapsing phase and of the dynamical accretion of mass from global collapse is likely to happen during the Class 0 phase, since the dynamical timescales are similar to the typical lifetimes of Class 0 protostars.
Summary and conclusions
We have studied the properties of nine high-mass cores in the Cygnus X complex, which are candidates for young accreting protostellar objects. From our estimates of their masses, bolometric luminosities, and outflow momentum flux, we conclude that eight out of nine sources of our sample are clearly true equivalents of Class 0 protostars, in the high-mass regime, and that one core could be a rare example of a high-mass prestellar core on the verge of collapsing to form a single (or a close) binary high-mass star(s).
The main result of our study lies in the fact that the momentum flux of high-mass objects scales linearly with the reservoir of mass in the envelope, as a true scale-up of the relations previously found for low-mass protostars. Assuming that outflow momentum flux is an indicator of the accretion rates, the observed linear relation suggests that the accretion rates are proportional to the envelope mass, which points to a fundamental relationship between accretion and the mass of the core. Such a linear relation also implies that the timescales for accretion have to be similar for all masses, and are therefore close to what is found for low-mass star formation, namely ∼ 3 × 10 5 yr. The existence of a common duration of collapse for all stellar masses could arise from having an original free-fall timescale similar for all objects, thanks to similar initial densities. This would have the underlying consequence of more massive objects accreting mass from larger regions than low-mass ones, favouring the models of large-scale global collapse of dense clumps. This is in line with recent results for the observed short timescales for IR-quiet dense clumps (Motte et al. 2007; Russeil et al. 2012 ) and for the dynamics at early stages in high-mass star-forming clumps (e.g., Schneider et al. 2010; Csengeri et al. 2011a,b) , and more recently by Peretto et al. (2013) .
Appendix A: Flux extraction and SED fittings
To estimate the mass, bolometric luminosity, and dust temperatures of our sample of nine high-mass fragments, we have constructed SEDs using the emission from 24 µm to 3.5mm. Since our sample of sources consists of IR-quiet cores, the flux bellow 8 µm is in fact negligible, and integrating the SEDs down to 24 µm is enough to get a good estimate of the bolometric luminosity. We used the 24 µm from Spitzer MIPS (6" resolution), the 70, 160, 250, 350, and 500 µm from Herschel PACS and SPIRE (8.4", 13.5", 18.2", 24.9", and 36.3" resolution, respectively) observed as part of the HOBYS programme (Hennemann et al. 2012; in prep) , the 1.2 mm from MAMBO (11" resolution, Motte et al. 2007) , and the 1.3 mm and 3.5 mm emission from PdBI (1" and 2.4" resolution respectively, Bontemps et al. 2010) .
The extractions of the fluxes were made using the getsources code (v1.120126, Men'shchikov et al. 2012) . Because the PdBI 1.3mm emission filters out the more extended emission, we cannot derive precise envelope/core sizes. However, since the mean separation between the high-mass fragments detected by Bontemps et al. (2010) varies between 3000 AU and 5000 AU, we take 4000 AU (i.e. ∼3" resolution) as the size for estimating the properties of the individual high-mass collapsing cores. Therefore, owing to the different resolutions of the datasets, two separate extractions were made.
For resolutions worse than 10" (i.e. physical scales greater than 14 000 AU), which is the case for the 160 µm, 250 µm, 350 µm, 500 µm, and 1.2 mm images, we are no longer able to separate the emission from the different fragments, and therefore we have estimated the flux correspondent to the MDC as a whole. For these five wavelengths, we used the 24 µm emission as the detection 
12. Bontemps et al. (2010) , with masses corrected for the new distance of 1.4 kpc. Results of the source extraction by getsources in CygX-N3. All images cover the same angular scale. The detections of getsources at 1.3mm are used to extract the fluxes at 24 µm, 70 µm, 1.3 mm, and 3.5 mm (even though we study only sources 1 and 2, in black). The getsources detections at 24 µm are used to retrieve the flux of the MDC in the remaining bands (MDC shown in black). These MDC fluxes are divided by the 3 fragments detected at 1.3mm. Right: SEDs of CygX-N3 MM1 (top) and MM2 (bottom). The black curves (and top-right parameters) are the grey-body fits to the cold component. The green line shows the grey-body curve of the cold component assuming fixed parameters (from Bontemps et al. 2010) . When applicable, the best SED fit of a warm component is shown as a dotted blue curve and top-left parameters. The sum of the cold and warm components is plotted with dashed lines (light blue for the sum of best SED fit, and yellow for the sum of the warm component with the fixed-parameters SED). Results of the source extraction by getsources in CygX-N48. The 250 µm image is unusable since it is saturated. In this case, because the 24 µm emission does not trace the millimetre sources, we have used the combined detections at 350 µm and 1.2 mm for estimating the emission from the MDC, whose flux is then divided by 5 fragments. The flux extraction at 500 µm is not very well constrained to the MDC only, and therefore the flux measurement at 500 µm is likely overestimated. Right: SEDs of CygX-N48 MM1 (top) and MM2 (bottom). Curves are the same as in Fig. A.1. wavelength, in order to give an idea of the position of the MDC (black ellipses, labelled with "MDC" on Figs. A.1 to A.5), plus the existence of other nearby 24 µm sources that could be blended within the coarser resolutions. Because getsources uses the positional information coming from the detection wavelength to make the best deblended flux estimates at the other wavelengths (see Men'shchikov et al. 2012 , for details on how the deblending is made), the flux we retrieve should represent the flux of the entire MDC, deblended for any nearby sources. We then assume that the contribution of each individual fragment to the continuum is similar, and therefore we divided the MDC flux by the number of PdBI 1.3 mm fragments as an estimate of their individual fluxes. Since this method only provides a rough estimate of the individual fluxes, we increased the uncertainties associated with these measurements accordingly. (We assume uncertainties of ∼60 -70% on the individual fluxes.) The lower weight we associate to these points on the SEDs implies that the SED fittings do not strongtly rely on the actual fluxes from 160 µm-1.2 mm, and these only provide a trend in the behaviour of the peak of the SEDs, useful to help constrain the temperature. SED of CygX-N53 MM1 and MM2. Curves are the same as in Fig. A.1 . The extraction from getsources assigned a significant flux to MM2 at 70 µm even though this emission is mostly centred on MM1. Therefore, we believe that the 70 µm flux measurement is slightly overestimated for MM2. For MM1 we can see that a temperature of 20K (green curves), as assumed by Bontemps et al. (2010) , greatly overestimates the emission around the peak of the SED. The most reliable measurements are those whose resolution is enough to separate the individual fragments. That is the case for the 24 µm, 70 µm, 1.3 mm, and 3.5 mm. For these four wavelengths, we extracted the fluxes using getsources detections at 1.3mm. Even though at 24 µm and 70 µm the sources are still blended, in most cases the peak is centred well on one of the mm sources, allowing getsources to properly assign the flux arising from the individual fragments. Since the emission at 24 µm (and 70 µm) arises from the inner warm regions around a protostar, they are expected to correspond to sizes of <7000 AU. Therefore, even though the area where the flux is measured is larger than this, we need no rescaling of the fluxes because all the inner emission is recovered in the beam. For the 3.5mm emission we also do not need to rescale, since getsources extracts the flux from fragments using the beam size, i.e 3", which corresponds to regions of ∼4000 AU size. For the 1.3mm, however, with a resolution of 1", the PdBI filters out all extended emission and is only sensitive to the inner ∼1000 -2000 AU. Therefore, to construct the SEDs we used the PdBI 1.3mm fluxes as measured by Bontemps et al. (2010) that correspond to deconvolved sizes in the range of 800-1500 AU (for a distance of 1.4kpc), and rescaled these to more realistic envelope sizes by assuming a density profile as ρ ∝ r −2 outside the central ∼1000 AU (as in Bontemps et al. 2010) . Density profiles close to ρ ∝ r −2 have been observed for individual protostars (e.g., Motte & André 2001; Mueller et al. 2002) , and even though studies of starless/prestellar cores have suggested shallower slopes (e.g., Butler & Tan 2012) , these studies also suggest that steepening of these profiles could be expected with the evolution and contraction of such cores. In fact, if using a shallower density profile, we would very quickly recover all the single-dish emission. For instance, for the isolated CygX-N63 MM1, the most massive core of our sample, all the single dish 1.2 mm emission is in fact recovered by rescaling the PdBI 1.3 mm flux to simply ∼ 2500 AU using a steep r −2 density profile. Using a shallower profile would imply that this core contained all its mass within a mere thousand AU, and it would require a sharp edge after that. Therefore, we have taken a profile as r −2 , because our sample of cores already show important outflow activity, indicative of on-going star formation, and we rescaled the PdBI 1.3 mm emission to envelope sizes of ∼ 4000 AU FWHM for all sources, except for CygX-N63 MM1 where we used 2500 AU. Despite the small errors retrieved by the flux extraction by getsources, we assumed conservative uncertainties of the flux measurements for these four wavelengths, as being 30% of the flux extracted. This is meant to account for biases linked to the flux extraction (using different parameters for the getsources extraction), the assumptions on the need for rescaling and observational uncertainties.
Using these flux measurements, we constructed the SEDs for the nine high-mass fragments of our sample. Each SED was fit with a grey-body curve, assuming an opacity law as in Hildebrand (1983) with β = 2, assuming a dust emissivity of 1.0 cm g −1 at 1.3mm (Ossenkopf & Henning 1994 ) and a dust-to-gas ratio of 100. For sources with 24 µm emission, two-temperature grey-body fits were made with both a cold and a warm component. The SEDs and their grey-body fittings can be seen in Figs. A.1 to A.5. We have estimated the bolometric luminosities using three methods: 1) integrating the best SED curve fitting; 2) integrating the SED fitting retrieved from assuming the mass from Bontemps et al. (2010) estimated using a dust temperature of 20K for all sources, and corrected for the new distance of Cygnus-X; 3) integrating the SED points (without any fitting), and estimating the uncertainties on the bolometric luminosity by using the maximum and minimum points from the error bars. The results from the three methods agree nicely, and therefore we take the masses and bolometric luminosities estimated from the best SED fitting. The uncertainties on the bolometric luminosity were estimated as the difference between methods 1) and the minimum estimate of method 3). It is worth noting that despite the rough method for determining the fluxes for the unresolved wavelengths, the bolometric luminosity is most sensitive to the flux estimates at 24 and 70 µm. Since the flux extraction for these two wavelengths is relatively well constrained, we consider that the errors we provide are adequate. The results from these SED fittings are summarised in Table A.1.
Appendix B: Areas for momentum flux estimates
As mentioned in Sect. 4.5, to estimate the energetics of the outflows from this sample of sources, we used an approach similar to what Bontemps et al. (1996) used for a sample of low-mass protostellar objects. This method assumes that the momentum flux is conserved along the outflow direction, and it consists of estimating the momentum flux of the outflows on a ring centred on the driving source. The velocity ranges used to integrate the red and blue emission had been estimated using the average spectrum over each region, and they are illustrated in the right-hand panels of Figs. B.1 to B.6 (with vertical dashed lines). In these panels we show the spectrum at the position of each source, as well as an example of a blue and red-shifted spectra (whose positions are shown in the left-hand panels).
We then estimated the momentum fluxes by integrating across an annulus of fixed width, ∆r, of 1.15" (i.e. chosen to correspond to the beam FWHM). The inner and outer radii of the annulus, however, are source and lobe-dependent: they are chosen so that the ring comprises the peak of integrated intensity of the respective outflow in the respective lobe (blue or red). The choice of using a variable inner and outer radius aims at maximising the momentum flux estimate, by covering the surroundings of the protostar, which are likely to harbour the most powerful impact of such outflows. To avoid an increase in noise due to non-outflowing gas and contamination from neighbour outflows within the annulus, we defined polygons based on the integrated intensity maps of the blue and the red-shifted emission, to constrain the spacial extent of individual outflows. The areas (rings and polygons) used for each source, and each lobe, are shown in Figs. B.1 to B.6. The momentum flux is then estimated for each outflow wing inside the intersection between the rings and the polygon, as
where T is the main beam intensity (in K) and v o the velocity of the ambient cloud. For these calculations, we assumed a distance of 1.4 kpc, a fractional abundance of CO to H 2 of 10 4 , a temperature of 20 K, a molecular weight of 2.33 and an average correction factor of 3.5 for the opacities of 12 CO wings (Cabrit & Bertout 1992) . At this point we do not, however, correct for any inclination effect of the outflow direction against the line of sight.
The results from these estimates are summarised on Table B .1, where v o is the ambient velocity of the cloud (as from the N 2 H + from Motte et al. 2007; Bontemps et al. 2010) , v range is the velocity range used for estimating the momentum flux (chosen using the Gaussian fittings, and excluding velocities where there was emission from another cloud), r in is the inner radius of the annulus taken for flux measurements, and F co is the momentum flux calculated for the blue and red wing emission. Assuming that the outflows are symmetrically bipolar and that the amount of momentum released through one lobe is the same as released on the other, our best estimate of the total momentum flux ejected is not the sum of the two lobes, but twice the estimate of the wing with the highest momentum flux. Such estimates of the total momentum flux of individual outflows are shown as the total F co (last column of Table B .1), now corrected by a possible effect of the inclination angle (factor 2.9 from a random distribution of angles, Cabrit & Bertout 1992) . Also worth noting is that we may be missing some momentum flux since we do not necessarily pick up the highest velocity material likely carrying a significant part of the momentum flux. Given all the assumptions on estimating the momentum flux, the uncertainties can easily be as high as a factor 2. shown integrated intensity for MM2 red emission covers a narrower velocity range than used for the actual estimation. The intersection between the polygons and rings are the areas taken to measure the respective momentum flux for each wing. The blue and red crosses show the positions of the spectra shown on the right panel. Right: Spectra at the position of the source in grey (CygX-N3 MM1 in the top panel and MM2 in the lower), with the spectra at the peak of the blue and red emission (SB1 and SR1 for MM1, SB2 and SR2 for MM2). The vertical dashed lines constrain the systemic velocities of the cloud excluded for the momentum flux calculations. The shaded area shows the velocity range affected by a cloud in front, also excluded. 
